In order to gain experience about the detection of adverse effects during a scientific procedure, we carried out a clinical examination of rats with zinc deficiency. In weanling rats fed a zincdeficient diet (30 p.mol zinc/kg) for 10 days, the mean tibial concentration of zinc was reduced by 53% and body weight gain by 73070 when compared with rats fed a diet containing an adequate amount of zinc (150 p.mol zinc/kg). In a small open field on day 9 of the experiment, the deficient rats more frequently displayed the posture standing upright with elevated heels. On day 10 of the experiment a clinical examination was carried out at random and 'blind' by three independent assessors. Out of 20 variables scored quantitatively on each individual animal, only body size differed between normal and deficient rats. Other classical signs of zinc deficiency, such as alopecia, dermatitis and diarrhoea, were not detected. It is concluded that in this rat model of zinc deficiency, no evidence for extreme discomfort can be demonstrated.
Summary
In order to gain experience about the detection of adverse effects during a scientific procedure, we carried out a clinical examination of rats with zinc deficiency. In weanling rats fed a zincdeficient diet (30 p.mol zinc/kg) for 10 days, the mean tibial concentration of zinc was reduced by 53% and body weight gain by 73070 when compared with rats fed a diet containing an adequate amount of zinc (150 p.mol zinc/kg). In a small open field on day 9 of the experiment, the deficient rats more frequently displayed the posture standing upright with elevated heels. On day 10 of the experiment a clinical examination was carried out at random and 'blind' by three independent assessors. Out of 20 variables scored quantitatively on each individual animal, only body size differed between normal and deficient rats. Other classical signs of zinc deficiency, such as alopecia, dermatitis and diarrhoea, were not detected. It is concluded that in this rat model of zinc deficiency, no evidence for extreme discomfort can be demonstrated. animals under study. Control and test animals are examined at random and 'blind'. Independent assessors assign scores to selected clinical variables. In this way control and test animals can be compared in quantitative terms. Such a clinical examination can be used to assess discomfort (Morton & Griffiths, 1985; Beynen et al., 1987) and provide information to refine animal models so that less adverse effects occur. During current experiments, clinical examination was performed on weanling rats with early zinc deficiency.
Materials and methods

Experimental design, animals, housing and diets
Clinical examination was performed during three current experiments with identical designs. In each experiment half the animals were randomly assigned to a diet containing either adequate (150 p.mol Zn/kg) or marginal (30 p.mol Zn/kg) amounts of zinc. Each experiment lasted 10days. The interval between the end of experiment 1 and beginning of experiment 2 was 2 weeks. Between experiment 2 and 3 there was an interval of 4 weeks.
In each experiment 12 male conventional Hsd/ Cpb:WU rats (Hsd/Cpb, PO Box 167, 3700 AD Zeist, The Netherlands) were used. The rats were aged about 3 weeks and weighed on average 40 g.
The rats were housed individually in Macrolon metabolic cages which were placed in a climatized room (temperature, 20± 1 DC; r.h. 55%) and fixed day-night rhythm (light from 0600 to 1800 h).
Semipurified diets were used, the amount of zinc being the only variable. The composition of the diets has been described elsewhere (Van Wouwe et al., 1988) . Diets were in powdered form. The control animals were pair-fed with the zinc deficient animals because zinc deficiency is known to cause anorexia. Overall feed intake was 7 ± 1 (mean ± SD, n = 36) g/day. Twice distilled water with a zinc concentration of O· 1-0' 2JLM was provided ad libitum.
Open-field test On day 9 of each experiment between 0900 and 1000 h, behaviour of the individual rats was studied in a small open field. This field consisted of a circular perspex arena with a diameter and height of O· 2 and O· 3 m, respectively. The black floor was divided into four equal segments by a painted white cross. The rats were selected at random and individually taken to an adjacent room where open field behaviour was measured immediately. The following activities were scored 'blind' by one person for 3 min: grooming, ambulation (turning 180°), sniffing, rearing of forelegs, and standing upright with elevated heels.
Clinical examination
At the end of each experiment (day 10), three veterinarians (VB, HvH, FRS) who are familiar with laboratory animals examined the animals simultaneously between 1000 and 1100 h, after the animals had been fasted overnight as indicated below.
Beforehand, each assessor had discussed the assessment scheme with ACB. They were informed that the rats were either normal or zinc-deficient. During clinical examination the assessors did not communicate with one another. The cages were identified only by a number, and the control and deficient animals were randomly distributed in the rack. The metabolic cages were hung on cage holders. There were three rows each consisting of four cages. The animals were scored according to a type of 3 x 3 latin square, where the three rows and the three assessors were considered as sources of variation that could influence the assessment.
Prior to, and after the full clinical examination the animals were classified by the 329 assessors as normal or deficient on the basis of general appearance alone.
The full clinical examination measured 20 variables on each animal. Scores of 0-3 were assigned to each variable, with 0 being considered normal. Depending on the severity of the abnormality, scores ranging from 1 to 3 were assigned. Variables were of a general nature (Morton & Griffiths, 1985; Beynen et al., 1987) or selected on the basis of known abnormalities induced by zinc deficiency (Van Wouwe et al., 1988) . The procedures and variables measured were as follows.
First, each animal was examined in its cage. Stance, alertness and body size (including relative proportions of head, trunk and extremities) were scored. Then the animal was removed for closer examination. The fur was scored according to colour, shine, loss of hair from the trunk, loss of hair from the paws and loss of hair from the peri-anal region. The condition of the skin was examined on the following sites: sole of the foot, tail, peri-ocular region, dorsum of the nose, regions around the mouth, ears and anus. Furthermore, nasal and/or ocular discharge, colour of the cutting teeth (yellow is considered to be norma!), condition of the nails and the condition of the anal mucous membrane were scored. Both the animal and its cage were checked for signs of diarrhoea. During clinical examination the animals' efforts to escape and ease of handling were also scored on a 0-3 scale.
Analysis of tibial concentrations of zinc
The rats were used to study zinc metabolism (cf. Van Wouwe et al., 1988) . According to the experimental protocol the rats were fasted overnight at the end of each experiment. At 1700h on day 9 of the experiment any remaining food was removed. In the afternoon of day 10 the rats were euthanized by placing them into a flow-chamber filled with 100070CO 2 , The left tibia was then removed and freeze dried for 48 h, weighed, and dissolved in 65% (v/v) nitric acid (Suprapur, Merck, Darmstadt) and 20% (v/v) hydrogen peroxide (Aristar, BDH Chemicals Ltd, Poole, UK) at 70°C. Zinc content was van Herck et al. measured using an atomic absorption spectrophotometer (Perkin Elmer 2380) with an acetylene flame at 213·6 nm.
Results
The results of the three experiments were pooled. Thus there were 18 normal and 18 zinc deficient rats. Table 1 shows that in the deficient rats, zinc concentration of the tibia was reduced by about 500/0 when compared with the control animals. Weight gain had decreased by about 70%. 11'7(65%) 2(11'1"10) Mean
In the small open field the deficient rats appeared to stand upright more often than the control animals. However, other activities did not show any significant differences (Table 2) .
On the basis of general appearance alone, classification of rats as normal or deficient differed between the two groups (Table 3) . Before the full clinical examination, on average 50% of the deficient rats were classified correctly but 18% of the normal rats were falsely identified as deficient. There was considerable between-assessor variation. After the clinical examination an average 65% of the deficient rats were classified correctly and the percentage of normal rats considered to be deficient was 11% . The between-assessor variation had decreased.
Of the 20 variables assessed quantitatively in the full clinical examination, 19 did not appear Clinical examination of zinc-deficientrats to vary from the normal range and showed frequency distributions of scores that were similar for control and deficient rats (results not shown).
The three assessors assigned comparable scores to these variables. Only body size appeared to differ significantly between normal and deficient rats (Table 4 ). However, there was a pronounced between-assessor variation in the scores. Control and deficient rats did not differ with regard to handling (results not shown).
Discussion
As expected (Van Wouwe et 01., 1988) , the zincdeficient diet caused a marked decrease in the bone concentration of zinc and reduced body weight gain (Table 1) . It should be noted that control and deficient rats were pair-fed and thus overall ate identical quantities of feed. It would thus appear that zinc deficiency also causes a specific growth retardation independently of feed intake. This was recognized on full clinical examination (Table 4 ). Although the degree of zinc deficiency was marked (as evidenced by the decrease in tibia zinc), classical symptoms of zinc deficiency were not observed in the clinical examination. Such symptoms are alopecia, dermatitis, diarrhoea and skin irritability (Van Wouwe et 01., 1988) .
On the basis of general appearance alone, a greater number of deficient than control rats were classified as deficient both before and after the full clinical examination. The number of correctly classified animals was somewhat higher when general appearance was assessed after the clinical examination (Table 3 ). Similar observations have been described in chickens with vitamin A deficiency (Beynen et 01., 1989) . The main difference between control and deficient rats was the stunted appearance of the latter. The slight increase in the number of correctly classified animals after the full clinical examination might be related to handling stress during this process. Possibly, the deficient animals were affected more by handling, resulting in abnormal posture. It is clear from Table 3 that the control and deficient rats could not be identified unequivocally on the basis of general appearance.
In the small open field test only the activity of standing upright with elevated heels was found to be significantly increased in the deficient rats compared with the controls. The basis and implications of this difference are unclear (Walsh & Cummins, 1976) but perhaps it shares characteristics with neuropsychiatric problems described in man. In children with moderate or severe zinc deficiency such conditions as depression, irritability and emotional dysfunction have been described (Van Wouwe et 01., 1988). In summary, in rats with markedly reduced concentrations of zinc, many clinical signs of zinc deficiency, apart from a reduced body development, could not be detected. It is likely that classical symptoms of deficiency would have developed if the animals were maintained for a longer period on the deficient diet. The rat model of zinc deficiency described here appears suitable for studying the metabolic changes during early stages of deficiency. From a scientific point of view such a mild deficiency might be more relevant for the human condition than is a rat model with frank zinc deficiency. From an ethical point of view the rat model of zinc deficiency described here can be considered refined, as on the basis of a thorough clinical examination it would seem that discomfort in the rats is not pronounced. Beynen 
